Complications exist when solving the field equation in the nonlocal field. This has been attributed to the complexity of deriving explicit forms of the nonlocal boundary conditions. Thus, the paradoxes in the existing solutions of the nonlocal field equation have been revealed in recent studies.
Introduction
Eringen's nonlocal theory has been proposed as a continuum theory that can model the long-range interatomic interactions of crystals [1] [2] [3] [4] [5] [6] [7] . In the context of this nonlocal theory, the nonlocal field is considered as the sum of the local field and a nonlocal residual [1] [2] [3] . An integral operator was proposed to incorporate these nonlocal residuals in the framework of linear elasticity [4] [5] [6] [7] . Then, the integral operator was replaced by a differential operator [8] . These two distinct forms of Eringen's nonlocal theory have been utilized in various studies. The nonlocal theory that depends on the integral operator, i.e. integral nonlocal theory, was used to investigate the dispersions of plane waves [9] , stress concentrations near a crack tip [4] , plasticity and damage of materials [10] , softening plasticity [11] , mechanics of nonlocal bars [12] , and mechanics of nonlocal beams [13] . As for the differential nonlocal theory which depends on a differential operator, an uncountable list of studies were conducted; examples include [14] [15] [16] [17] [18] .
Recently, Shaat [19, 20] pointed out that Eringen's nonlocal theory is inappropriate to model the mechanics of some materials including Si, Au, and Pt. Thus, Eringen's nonlocal theory cannot simultaneously fit the longitudinal and transverse acoustic dispersion curves of these materials. This has been attributed to the fact that Eringen's nonlocal theory forms the constitutive equations assuming only one nonlocal parameter for all material coefficients. This motivated Shaat [19, 20] to propose the general nonlocal theory. This general nonlocal theory introduces a distinct nonlocal parameter for each one of the material coefficients. Thus, for isotropic-linear elasticity, the general nonlocal theory forms the constitutive equations depending on two distinct nonlocal parameters, and , as follows [19, 20] :
where is the nonlocal stress field and = , + , is the infinitesimal strain field. and are the material's Lame constants. denotes the Laplacian operator. In addition, the field equation can be written in the framework of the general nonlocal theory as follows:
Simply, the general nonlocal theory recovers Eringen's nonlocal theory when = . It was demonstrated in [20] that the general nonlocal theory allows for the simultaneous fitting of the longitudinal and transverse acoustic dispersions of different materials. This gives the general nonlocal theory the credits over Eringen's nonlocal theory.
In fact, solving the field equation (equation (2)) in the nonlocal fields is a challenging task for many reasons. First of all, for this field equation, higher-order essential boundary conditions are needed to represent the deformation of the boundary surface. However, because the nonlocal theory represents the continuum consisting of an infinite number of mass points, only the rigid motion and rotation of the boundary surface can be introduced as essential boundary conditions. Second, some studies revealed the paradoxes in the existing solutions of the differential nonlocal theory [21] [22] [23] [24] [25] [26] . These paradoxes were attributed to the nonlocal boundary conditions. It was demonstrated that forming the natural boundary conditions of the differential nonlocal elasticity is a challenging task [15, 27] .
The previously mentioned complications of solving the nonlocal field equation in the nonlocal fields are the motivations behind the present study. In this study, a new methodology that depends on the iterativenonlocal residual approach [27] is proposed to easily determine the elastic nonlocal fields from their local counterparts without solving the complicated field equation. Thus, this study presents corrections of the local elastic fields for the nonlocal residuals in materials. The iterative-nonlocal residual approach was first proposed by Shaat [27] for determining the static bending of Kirchhoff plates. The merit of Shaat's iterativenonlocal residual approach is that, instead of solving the nonlocal field equation in the nonlocal field, the field equation is solved in the local field where the local boundary conditions are the ones to be applied.
This helps in resolving the complications associated with the nonlocal boundary conditions and the paradoxes in the existing solutions of the differential nonlocal theory. In the context of the iterative-nonlocal residual approach, a nonlocal residual field is formed iteratively and utilized to correct the local fields.
In this study, the iterative-nonlocal residual approach is utilized to correct the static bending, vibration, and buckling characteristics of local Euler-Bernoulli beams for the nonlocal residuals. The nonlocal residuals are formed based on the general nonlocal theory. To this end, the paper is organized as follows:
first, correction factors for the static bending, free vibration natural frequencies, pre-buckling natural frequencies, and buckling and postbuckling characteristics of local Euler-Bernoulli beams for the nonlocal residuals are derived in section 2. Then, these correction factors are utilized to determine the aforementioned characteristics for nonlocal Euler-Bernoulli beams directly from their counterparts of local beams. In section 3, the proposed correction factors are obtained for simple supported nonlocal EulerBernoulli beams and utilized to determine their bending, vibration, and buckling characteristics. A part of the present study is devoted to demonstrate that the general nonlocal theory outperforms Eringen's nonlocal theory. Thus, when compared with Eringen's nonlocal theory, it is revealed that the general nonlocal theory (which considers two distinct nonlocal parameters) accounts for the impacts of the beam's Poisson's ratio on its bending, vibration, and buckling characteristics. Thus, a parametric study on the impacts of the nonlocal parameters and the beam's Poisson's ratio is presented. This parametric study demonstrate that, depending on the nonlocal parameters, Eringen's nonlocal theory may result in an inappropriate modeling of the nonlocal residual effects on Euler-Bernoulli beams.
Corrections of local elastic fields of Euler-Bernoulli beams for nonlocal residuals
A novel methodology to correct the local elastic fields, i.e. stress, strain, and displacement, for the nonlocal residuals in materials is proposed. Thus, instead of deriving solutions for the nonlocal elastic fields (which may be challenging for some nonlocal field problems), the local elastic fields are corrected to obtain the nonlocal elastic fields via correction factors. These correction factors are derived based on the iterative nonlocal-residual approach proposed by Shaat [27] .
In this study, correction factors are formed for local elastic fields of Euler-Bernoulli beams, i.e. static bending, natural frequencies, and buckling characteristics. These correction factors are then used to obtain the aforementioned characteristics of nonlocal Euler-Bernoulli beams from their corresponding counterparts of local Euler-Bernoulli beams.
Euler-Bernoulli beams based on the iterative-nonlocal residual approach
The nonlocal residual concept was first presented by Eringen [1, 2] and Eringen and Edelen [3] where the sum of the nonlocal interatomic interactions is modeled as a residual field. Then, Shaat [27] was the first to propose the iterative-nonlocal residual approach for the static bending of Euler-Bernoulli beams and Kirchhoff plates. In the context of Shaat's iterative-nonlocal residual approach, the sum of the nonlocal residual at a specific point is computed iteratively. For Euler-Bernoulli beams, in an iteration , the nonlocal stress residual is formed as the difference between the local stress field and the nonlocal stress field of the previous iteration, − 1, [27] :
Then, this formed nonlocal stress residual is used to correct the solution of the local field problem to obtain a nonlocal solution. According to this approach, a nonlocal residual-based fictitious force is updated and imposed to the balance equations in each iteration, . For Euler-Bernoulli beams, the equation of motion based on the iterative-nonlocal residual approach can be written in the form [27] :
where is the beam's area moment of inertia, and denotes its mass per unit length. ( , ) is the applied external force. In equation (4), ( , ) is introduced as the nonlocal residual-based fictitious force. For
Euler-Bernoulli beams, Shaat [27] defined the nonlocal stress residual as follows:
and the fictitious force as follows:
where ( , ) is a deflection-correction field for the nonlocal residual.
For Euler-Bernoulli beams, the nonzero strain component is given by:
Consequently, by multiplying equation (3) by the nonlocal differential operators, 1 − and 1 − , and according to equations (1) and (5), the following relation can be obtained for EulerBernoulli beams:
According to the iterative-nonlocal residual approach, in each iteration, is first obtained from equation (8) and then used to form the fictitious force (equation (6)). This fictitious force is then imposed to the local field problem (equation (4)) where the corrected local fields for the nonlocal residual can be obtained.
For Eringen's nonlocal theory ( = = ), equation (8) can be reduced to:
which is the relation as previously obtained by Shaat [27] .
Because they are blended out of the same mold, the beam deflection, ( , ), and its correction field, ( , ), are decomposed as follows [27] :
where denotes the amplitude of the beam deflection, and is the amplitude of the beam deflectioncorrection field. is the beam's natural frequency.
It should be noted that the shape function, ( ), in equation (10) is the one of the classical-local EulerBernoulli beam. This is because of the fact that the equation of motion (equation (4)) is solved in the local field. By substituting equation (10) into equation (8) , the following relation between the amplitude of the deflection and the amplitude of its correction field can be obtained:
where
Equation (12) presents ( ) as a correction parameter which is formed based on the general nonlocal theory. This correction parameter is used to form the fictitious force based on the local elastic field obtained in a previous iteration. This correction parameter can be obtained on the bases of Eringen's nonlocal theory (as obtained by Shaat [27] ) by substituting = = into equation (12), as follows:
According to equations (10), (11), and (6), the equation of motion (equation (4)) in an iteration for
Euler-Bernoulli beams can be written in the form:
Equation (14) presents the equation of motion of Euler-Bernoulli beams according to the iterativenonlocal residual approach.
Static bending of nonlocal Euler-Bernoulli beams
For static bending of Euler-Bernoulli beams, equation (14) can be rewritten in the form:
By multiplying equation (15) by ( ) and integrating both sides over the beam length, the beam equilibrium equation for static bending can be obtained in the form:
where the stiffnesses, and , are obtained in the form:
where is the local beam stiffness, and is a correction stiffness.
Equation (16) indicates that the local amplitude can be corrected for the nonlocal residual with the incorporation of ( ) as a nonlocal residual-based fictitious force. By introducing = / as a nonlocal residual-based correction factor, equation (16) can be rewritten in the form:
is the amplitude of the local beam deflection.
By introducing ℵ as the number of iterations needed to obtain the nonlocal solution within a relative
, the nonlocal amplitude of the beam's deflection becomes:
where (ℵ) is the amplitude of the nonlocal beam deflection. Hence, the nonlocal beam deflection can be obtained as follows:
According to equation (20) , the convergence of equation (18) to the nonlocal solution is guaranteed when the correction factor < 1 [27] .
Equations (18) and (21) present an iterative correction for the static bending of Euler-Bernoulli beams for nonlocal residuals. This correction process basically depends on the correction factor, , that depends on the correction parameter ( ) (defined in equation (12)). It should be demonstrated that, because the equations of motion are solved in the local fields, the shape function ( ) presented in the previous equations is the classical one of Euler-Bernoulli beams. Thus, the correction factor, , can be easily formed and incorporated in the local prediction/nonlocal correction-type iterative procedure presented in equation (18) .
Free vibration of nonlocal Euler-Bernoulli beams
For the free vibration of nonlocal Euler-Bernoulli beams, equation (14) can be written at iteration, ℵ, as follows:
where ( ) is the nth mode shape function corresponding to the nth natural frequency . For the nth mode, ( ) can be rewritten as follows:
The multiplication of equation (22) by ( ) and integrating the result over the beam length give the characteristics equation in the form:
Consequently, the natural frequencies of the nonlocal beam can be obtained as follows:
where is the nth mode-local natural frequency:
Equation (26) presents a one-step solution for the nonlocal natural frequencies of Euler-Bernoulli beams.
With no iterations, the nonlocal frequencies can be directly obtained for the different modes of vibration from equation (26) utilizing the correction factors, .
Buckling characteristics of nonlocal Euler-Bernoulli beams under axial compressive loads
Equation (4), which represents the beam's equation of motion according to the iterative-nonlocal residual approach, can be rewritten for an Euler-Bernoulli beam under an axial compressive load as follows [28, 29] :
where is the resultant axial load [29] :
where denotes the applied axial compressive load. The second term of equation (29) represents the beams axial stretching-force.
Because of the axial compressive load, the beam buckles when > , i.e. is the critical buckling load (beam buckling strength). In this study, the prebuckling ( < ) and postbuckling ( > ) characteristics of nonlocal Euler-Bernoulli beams are determined utilizing the iterative-nonlocal residual approach.
Prebuckling natural frequencies of nonlocal Euler-Bernoulli beams
An axially compressed Euler-Bernoulli beam maintains its straight configuration when the axial compressive load is less than the beam's buckling strengths, i.e. < . At the prebuckling configuration, the natural frequencies of the Euler-Bernoulli beam are significantly influenced by the magnitude of the axial compressive load. In this study, the prebuckling frequencies of Euler-Bernoulli beams are determined.
To this end, the beam deflection, ( , ), and its correction field, ( , ), in the prebuckling configuration are decomposed as presented in equation (10) . It should be noted that, in equation (28), ( , ) represents a disturbance of the beam about its prebuckling configuration.
The substitution of equation (10) into equation (28) leads to:
where is related to via equation (11) . Then, by substituting equation (11) into equation (30) , dropping the nonlinear term, multiplying the result by ( ), and performing an integration over the beam length, the following equation that governs the beam's prebuckling vibration in an iteration is obtained:
where ( ) is defined in equation (23) .
Then, the characteristics equation can be obtained by writing equation (31) at iteration ℵ; thus,
Hence, the prebuckling natural frequencies of nonlocal Euler-Bernoulli beams can be obtained as follows: 
Buckling and postbuckling characteristics of nonlocal Euler-Bernoulli beams
The critical buckling loads and the static buckling configurations of nonlocal Euler-Bernoulli beams under axial compressive loads are determined via the proposed iterative-nonlocal residual approach. To this end, the deflection, ( , ), and its correction field, ( , ), are considered for the nth mode of buckling as follows:
where ( ) is the normalized beam buckling configuration. and denote, respectively, the amplitudes of the buckling configuration and its correction field.
The substituting of equation (36) into equation (28) gives the beam's equilibrium equation at its static buckling configuration as follows:
where is related to according to equation (11) . According to equation (11) and by multiplying equation (37) by ( ) and integrating the result over the beam length, the equation governs the buckling configurations of Euler-Bernoulli beams can be written at iteration ℵ, i.e. (ℵ) ≅ (ℵ ) , in the form:
and =
Since ≠ 0 when the beam is buckled,
which gives the eigenvalues that describe the various buckling configurations of Euler-Bernoulli beams.
According to equations (41) and (42), the eigenvalues, , can be obtained as follows: is defined as a correction factor to correct the eigenvalues of the local beam for the nonlocal residuals.
In order to form the amplitude of buckling, , for the nth buckling configuration of the beam, the obtained eigenvalue, , is substituted into equation (41) which leads to:
Consequently:
where and denote, respectively, the beams area moment of inertia and its cross sectional area.
, as the amplitude of buckling of local EulerBernoulli beams [29] , the amplitude of buckling of nonlocal Euler-Bernoulli beams can be defined as follows:
Hence, for the nth mode, the corrected beam buckling configuration for the nonlocal residual can be defined as:
At the initiation of buckling, = 0; thus, the critical buckling load , i.e. the beam buckling strength, can be determined from equation (46) as follows:
where ℱ = denotes the critical buckling load of local Euler-Bernoulli beams.
Equations (48) and (49) Table 1 shows a summary of the derived correction factors along with the deflections, natural frequencies, prebuckling natural frequencies, buckling configurations, and critical buckling loads of the local and nonlocal Euler-Bernoulli beams.
Bending, vibration, and buckling of nonlocal simple supported Euler-Bernoulli beams
In this study, we present an easy and effective way to determine the nonlocal fields of Euler-Bernoulli beams from the local fields via some correction factors. These correction factors are formed depending on the normalized mode shape functions of the local Euler-Bernoulli beams. To demonstrate the effectiveness of the proposed iterative-nonlocal residual approach, the static bending, vibration, and buckling characteristics of simple supported nonlocal Euler-Bernoulli beams are determined.
For bending, vibration, and buckling of simple supported-local Euler-Bernoulli beams, the normalized shape functions are determined as follows [27] [28] [29] :
where is the mode number. For static bending, = 1. denotes the beam length. By substituting equation (50) into equation (23), the correction parameter, ( ), is obtained as follows:
As presented in equation (51), for simple supported Euler-Bernoulli beams, , is a correction constant.
According to the general nonlocal theory [19, 20] , this correction constant depends on two nonlocal parameters, and . When = = , the correction constant, , can be formed according to
Eringen's nonlocal theory as follows [27] :
The static bending, free vibration, and buckling of nonlocal Euler-Bernoulli beams can be easily determined according to Table 1 . Thus, the quantities , , , are first obtained. Then, the correction factors are formed to correct the local fields for the nonlocal residuals. Table 2 shows the corrections of the local simple supported Euler-Bernoulli beams for the nonlocal residuals.
Static bending
For static bending of simple supported Euler-Bernoulli beams, the correction factor is obtained by = . Utilizing this correction factor, the deflection of local Euler-Bernoulli beams can be corrected for the nonlocal residual in a few iterations. For more details on the iterative procedure, readers are referred to
Shaat [27] . The results of the proposed approach for the static bending of simple supported Euler-Bernoulli beams subjected to uniform loads are shown in Figures 1 and 2 and Table 3 . Figure 1 shows the Table 3 . 
Static Bending (uniform load) , i.e. load intensity.
Local amplitude:
Correction factor: = 1
Nonlocal amplitude: To demonstrate the effectiveness of the proposed corrections of the static bending of local beams for the nonlocal residuals, the results of the proposed approach are plotted parallel to the results of the conventional nonlocal solutions of Eringen's nonlocal model ( = ) [18] in Figure 1 . It is clear that the proposed approach can effectively reflect the exact results as the conventional solutions of the nonlocal elastic field problem. Figure 1 and Table 3 reflect the influences of the nonlocal residuals on the static bending of EulerBernoulli beams. Because of these nonlocal residuals, the beam is subjected to a softening mechanism where the increase in the nondimensional nonlocal parameter, √ / , is accompanied with an increase in the beam's nondimensional deflection. Moreover, the severity of the beam's nonlocal softening increases with the increase in / ratio, as observed in Figure 1 and Table 3 . Eringen's nonlocal theory, i.e. ⁄ = 1, can only model moderate nonlocal fields. However, the general nonlocal theory can effectively model weak (i.e. ⁄ < 1) and strong nonlocal fields (i.e. ⁄ > 1) as well as moderate nonlocal fields (i.e. ⁄ = 1). Shaat [19, 20] has demonstrated that, to accurately model the nonlocal residuals of materials, two distinct nonlocal parameters may be needed, and for such a case, the general nonlocal theory should be employed. Thus, for these materials, Eringen's nonlocal theory may lead to under/over estimations of their nonlocal residuals. The general nonlocal theory, however, presents a remedy for
Eringen's nonlocal theory where it gives more freedom to effectively model the nonlocal fields of materials. can be depicted via the general nonlocal theory. Thus, the general nonlocal theory can reflect the different severities of the nonlocal residuals on the beam's static deflection, as observed in Figure 2 and Table 3 .
When ⁄ < 1, the increase in the elastic moduli ratio, / , is accompanied with a decrease in the nondimensional central deflection. On the other hand, opposite trends are obtained when ⁄ > 1. 
Free vibration
To determine the natural frequencies of simple supported nonlocal Euler-Bernoulli beams, the correction factors for the different modes are obtained as = . The correction factors of the first four modes of vibration are plotted as functions of the nondimensional nonlocal parameter, √ / , and the elastic moduli ratio, / , in Figures 3 and 4 , respectively. Inspecting Figure 3 , it is shown that the correction factors of the different modes deviate within the range 0 ≤ ≤ 1. As previously mentioned, to guarantee the convergence of the iterative approach to the nonlocal solution, the correction factors should be within the aforementioned range.
The impacts of the elastic moduli ratio / (or Poisson's ratio) on the correction factors of the free vibration of simple supported Euler-Bernoulli beams are depicted in Figure 4 . It is clear that, when ⁄ = 1 (Eringen's model), the correction factors are obtained independent from the elastic moduli ratio / (the dashed horizontal lines). On the other hand, the correction factors may increase or decrease with the increase in the elastic moduli ratio when ⁄ ≠ 1. Thus, when ⁄ > 1, the correction factors increase with the increase in the elastic moduli ratio / . An opposite trend, however, is observed when ⁄ < 1. Utilizing the obtained correction factors, the nondimensional natural frequencies, = ⁄ , of the first four modes of the free-vibration of simple supported nonlocal Euler-Bernoulli beams are depicted as functions of the nondimensional nonlocal parameter, √ / , and the elastic moduli ratio, / , in Figures   5 and 6 , respectively. To demonstrate the effectiveness of the proposed approach to determine the natural frequencies of nonlocal beams, the nondimensional natural frequencies as obtained via the proposed approach are compared to the ones determined by Lu et al. [14] when = , as presented in Figure 5 .
The results of the proposed approach perfectly fit the results determined by Lu et al. [14] . However, ease of determining the nonlocal frequencies is the main merit of the proposed approach over the existing solutions of the nonlocal field problem.
It follows from Figure 5 that the increase in the nondimensional nonlocal parameter is accompanied with reductions in the nondimensional natural frequencies. Moreover, at a certain value of the nondimensional nonlocal parameter, the nondimensional natural frequencies decrease with the increase in the nonlocal parameters-ratio, / . This demonstrates that, for the considered nonlocal parameters, the nonlocal theory affects the beam with a softening mechanism. Moreover, Figure 5 shows that the general nonlocal theory can give the same results as Eringen's nonlocal theory (which only assumes = ). The general nonlocal theory, however, outperforms Eringen's nonlocal theory for considering the significant effects of the nonlocal parameters-ratio. Thus, big discrepancies between the two theories exist when / ≠ 1. Thus, Eringen's model can only be used when ⁄ = 1; otherwise, the general nonlocal theory should be employed.
In Figure 6 , the impacts of the elastic moduli ratio (or Poisson's ratio) on the nondimensional natural frequencies of simple supported Euler-Bernoulli beams are depicted. Inspecting the plotted curves in Figure   6 , it is clear that Eringen's model (i.e. = ) gives the same nondimensional natural frequencies for all the material moduli values. However, the dependency of the nondimensional natural frequencies on the beam's elastic moduli and Poisson's ratio can only be depicted via the general nonlocal theory. Utilizing the general nonlocal theory, when ⁄ < 1, the reductions in the nondimensional natural frequencies with the increase in the elastic moduli ratio are observed in Figure 6 ; on the other hand, opposite trends are 
Critical buckling loads
To determine the critical buckling loads of simple supported nonlocal Euler-Bernoulli beams, correction factors are defined for the different modes in Table 2 by = . These correction factors are harnessed to directly determine the critical buckling loads of nonlocal beams from their counterparts of the local beams. It should be mentioned that these correction factors are exactly the same as those of the free vibration of beams. Thus, the same correction factors for the different modes of buckling as the ones presented in Figure 4 can be obtained. The critical buckling loads for simple supported Euler-Bernoulli beams are reported in in Table 4 and Figure 7 . To demonstrate that the proposed approach can give the same results as the ones of the existing solutions of Eringen's model, a comparison with the results obtained by Reddy [18] is performed, as presented in Figure 7 . The accuracy and effectiveness of the proposed approach is obvious where the exact same results as those presented in Reddy [18] are obtained. It follows from Table   4 and Figure 7 that the increase in the nondimensional nonlocal parameter, √ ⁄ , and/or the nonlocal parameters-ratio, / , is accompanied with a decrease in the nondimensional critical buckling load. 
Prebuckling natural frequencies
The prebuckling natural frequencies of simple supported nonlocal Euler-Bernoulli beams under axial compressive loads are investigated. The correction factors for the different modes of the prebuckling vibration are determined by = − , as presented in Table 2 . These correction factors not only depend on the nonlocal parameters but also depend on the applied axial compressive load, . To demonstrate this fact, the correction factors of the prebuckling-fundamental natural frequency as functions of the nondimensional nonlocal parameter, √ / , and the nondimensional axial compressive load, = / , are plotted in Figure 8 . The plotted curves in Figure 8 reflect the increase in the correction factors with the increase in the nondimensional axial load and/or the nondimensional nonlocal parameter. Moreover, at certain nonlocal parameter and axial load value, the increase in the nonlocal parameters-ratio, / , is accompanied with an increase in the correction factor. It should be mentioned that the correction factor, , reaches its maximum value, i.e. = 1, when the beam is subjected to its critical buckling load, i.e. = . Thus, for < , the correction factor is confined within the range 0 ≤ < 1 depending on the elastic moduli and the nonlocal parameters.
(a) (b) the results obtained by Shaat [29] where an excellent match can be observed. As shown in Figure 9 , the nondimensional prebuckling fundamental natural frequency decreases with the increase in the nondimensional axial load value. Furthermore, at the critical buckling load value, i.e. when = , the prebuckling fundamental natural frequency decreases to zero. Moreover, it can observed that the increase in the nondimensional nonlocal parameter is accompanied with a decrease in, both, the nondimensional prebuckling fundamental natural frequency and the critical buckling load. By comparing Figure 9 (a) with Figure 9 (b), the nondimensional prebuckling-fundamental natural frequency and the nondimensional critical buckling load decrease with the increase in the nonlocal parameters-ratio / .
The nondimensional natural frequencies of the first and second modes of the prebuckling vibration of simple supported Euler-Bernoulli beams under axial compressive loads are presented in Figure 10 as functions of the nondimensional axial load, = / , for different nonlocal parameters-ratio, / .
It is clear that the increase in the nondimensional axial load results in reductions in the nondimensional prebuckling natural frequencies. Moreover, the nondimensional prebuckling natural frequencies decrease with the increase in the nonlocal parameters-ratio / . This can be attributed to the fact that the considered nonlocal parameters affect the beam with a softening mechanism. Moreover, it can be observed that the initiation of buckling is associated with a zero prebuckling fundamental natural frequency.
(a) (b) 
Buckling configurations
For simple supported nonlocal Euler-Bernoulli beams, the buckling configurations are obtained utilizing the correction factors of the different buckling modes as = , as shown to Table 2 . To demonstrate that the effectiveness of the proposed approach to determine the buckling configurations of nonlocal EulerBernoulli beams, the buckling configurations when = are obtained compared to the results obtained by Emam [30] , as presented in Figure 11 . The exact same buckling configurations for the different nonlocal parameters as those presented in Emam [30] are obtained. The impacts of the nonlocal residuals on the buckling configuration of simple supported Euler-Bernoulli beams are depicted in Figure 12 . Moreover, the merits of the general nonlocal theory over Eringen's nonlocal theory can be read from Figure 12 . It is clear that the increase in the nonlocal parameters-ratio is accompanied with a decrease in the nondimensional beam deflection and its nondimensional critical buckling load. 
Conclusions
In this study, a new methodology that depends on the iterative-nonlocal residual approach was proposed to easily obtain the elastic nonlocal fields from their local counterparts without solving the nonlocal field equation. This methodology can resolve the existing complications of deriving solutions of the nonlocal field equation. Thus, instead of solving the field equation in the nonlocal field, the local fields were corrected for the nonlocal residuals.
In this study, correction factors for the local characteristics of Euler-Bernoulli beams including bending, vibration, and buckling characteristics were derived. These correction factors were utilized to directly obtain the nonlocal characteristics of Euler-Bernoulli beams without solving the beam's equation of motion.
The correction factors were formed based on the general nonlocal theory which considers two distinct nonlocal parameters for isotropic-linear elastic continua. It was demonstrated that the general nonlocal theory outperforms Eringen's nonlocal theory in accounting for the impact of the beam's Poisson's ratio on its nonlocal bending, vibration, and buckling characteristics.
A parametric study on the impacts of the nonlocal parameters and the beam's Poisson's ratio on the bending, vibration, and buckling characteristics of nonlocal Euler-Bernoulli beams was performed. The obtained results revealed that, depending on the nonlocal parameters, Eringen's nonlocal theory may result in an inappropriate modeling of the nonlocal effects on Euler-Bernoulli beams. The general nonlocal theory, however, perfectly model the nonlocal fields in Euler-Bernoulli beams.
